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PANTOGRAPH UNDERREAMER 

RELATED APPLICATIONS 

This application is related to Application Serial 

Number , entitled "Pantograph Underreamer," filed 

on August 13, 2001; and Application Serial Number 

, entitled "Pantograph Underreamer," filed on 

August 13, 2001. 



TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of 
subterranean exploration and, more particularly, to a 
pantograph underreamer . 
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BACKGROUND OF THE INVENTION 

Underreamers are generally used to form an enlarged 
cavity in a well bore extending through a subterranean 
formation. The cavity may then be used to. collect 
resources for transport to the surface, as a sump for the 
collection of well bore formation cuttings and the like, 
or for other suitable subterranean exploration and 
resource production operations. Additionally, the cavity 
may be used in well bore drilling operations to provide 
an enlarged target for constructing multiple intersecting 
well bores. 

One example of an underreamer includes a plurality 
of cutting blades pivotally coupled to a lower end of a 
drill pipe. Centrifugal forces caused by rotation of the 
drill pipe extend the cutting blades outward and 
diametrically opposed to each other. As the cutting 
blades extend outward, the centrifugal forces cause the 
cutting blades to contact the surrounding formation and 
cut through the formation. The drill pipe may be rotated 
until the cutting blades are disposed in a position 
substantially perpendicular to the drill pipe, at which 
time the drill pipe may be raised and/or lowered within 
the formation to form a cylindrical cavity within the 
formation. 

Conventional underreamers , however, suffer several 
disadvantages. For example, the underreamer described 
above generally requires high rotational speeds to 
produce an adequate level of centrifugal force to cause 
the cutting blades to cut into the formation. An 
equipment failure occurring during high speed rotation of 
the above -described underreamer may cause serious harm to 
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operators of the underreamer as well as damage and/or 
destruction of additional drilling equipment. 

Additionally, density variations in the subsurface 
formation may cause each of the cutting blades to extend 
outward at different rates and/or different positions 
relative to the drill pipe. The varied positions of the 
cutting blades relative to the drill pipe- may cause an 
out-of -balance condition of the underreamer, thereby 
creating undesired ' vibration and rotational 
characteristics during cavity formation, as well as an 
increased likelihood of equipment failure. 
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SUMMARY OF THE INVENTION 

Accordingly, a need has arisen for an improved 
underreamer that provides increased control of 
subterranean cavity formation. The present invention 
5 provides a pantograph underreamer that addresses 
shortcomings of prior underreamers . 

According to one embodiment of the present 
invention, an underreamer for forming a cavity within a 
well bore includes a housing rotatably disposed within 

10 the well bore. The underreamer also includes an 
actuation rod slidably positioned in coupled to the 
housing. The underreamer further includes a plurality of 
cutter sets each having a first end pivotally coupled to 
the housing and a second end pivotally coupled to the 

15 actuation rod. The cutter sets are also pivotally 
coupled together. An axial force applied to the 
actuation rod is operable to slide the actuation rod 
relative to the housing and extend the cutter sets 
radially outward relative to the housing from a retracted 

20 position to form the cavity when the housing is rotated. 

According to another embodiment of the present 
invention, a method for forming a cavity within a well 
bore includes positioning an underreamer within the well 
bore. The underreamer includes a housing and an 

25 actuation rod. The actuation rod is slidably positioned 
in the housing. The underreamer further includes a 
plurality of cutter sets where each cutter set includes a 
first end coupled to the housing and a second end coupled 
to the actuation rod. The method further includes 

3 0 applying an axial force to . the actuation rod and 
extending the cutter sets radially outward from a 
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retracted position relative to the housing in response to 
movement of the actuation rod relative to the housing 
from the applied force. The method further includes 
rotating the underreamer within the well bore to form the 
cavity. 

The invention provides several technical advantages. 
For example, according to one embodiment of the present 
invention, an axial force is applied to an actuation rod 
of the underreamer to cause outwardly directed movement 
of cutter sets into a subterranean formation. The axial 
force applied to the actuation rod may be varied to 
produce corresponding varying pressures on the formation 
by the cutter sets. Thus, the present invention may be 
used to accommodate a variety of formation densities and 
compositions. Additionally, decreased rotational speeds 
of the underreamer may be used to form the cavity, 
thereby substantially reducing or eliminating hazards 
associated with high speed rotating mechanisms. 

Another technical advantage of the present invention 
includes substantially reducing or eliminating 
out-of -balance conditions resulting from rotation of the 
underreamer within a well bore. For example, according 
to one embodiment of the present invention, an end of 
each of the cutter sets is coupled to the actuation rod, 
thereby resulting in substantially uniform extension and 
increased precision of each of the cutter sets relative 
to the underreamer housing. Thus, out-of -balance 
conditions caused by varying positions of cutting blades 
are substantially reduced or eliminated. 
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Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, 
descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now 
made to the following descriptions taken in connection 
5 with the accompanying drawings in which: 

FIGURE 1 is diagram illustrating a cross-section of 
a pantograph underreamer in accordance with an exemplary 
embodiment of the present invention; 

FIGURE 2 is a diagram illustrating the pantograph 
10 underreamer illustrated in FIGURE 1 in an extended 
position; and 

FIGURE 3 is a diagram illustrating a pantograph 
underreamer in accordance with another embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 is a diagram illustrating a multi -blade 
underreamer 10 in accordance with an exemplary embodiment 
of the present invention. Underreamer 10 includes a 
5 housing 12 illustrated as being substantially vertically 
disposed within a well bore 11. However, it should be 
understood that underreamer 10 may also be used in 
non-vertical cavity forming operations. Underreamer 10 
also includes a plurality of cutter sets 14 pivotally 

10 coupled to housing 12. FIGURE 1 illustrates two cutter 
sets 14; however underreamer 10 may have more than two 
cutter sets 14, and having three or five cutter sets 14 
may add stability to underreamer 10. In this embodiment, 
each of cutter sets 14 is pivotally coupled to the 

15 housing via a pin 15; however, other suitable methods may 
be used to provide pivotal or rotational movement of 
cutter sets 14 relative to housing 12. 

Underreamer 10 also includes an actuation rod 16 
slidably positioned within an internal passage 18 of 

20 housing 12. Actuation rod 16 includes a fishing neck 20 
coupled- to an end 17 of actuation rod 16. Housing 12 
includes a recess 21 capable of receiving fishing neck 20 
while underreamer 10 is in the retracted position. 
Fishing neck 20 is operable to engage a fishing tool (not 

25 expressly shown) lowered within well bore 11 to which an 
axial force is applied, which in turn slides actuation 
rod 16 relative to housing 12. The axial force is a 
force in a direction along the longitudinal axis of 
actuation rod 16. Such direction is illustrated in 

30 FIGURE 1 by arrow 9. The fishing tool can be a 1 1/2" 
jar down to shear tool; however, other suitable 
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techniques may be used slide actuation rod 16 relative to 
housing 12. 

Each cutter set 14 contains a first cutter 24 and a 
second cutter 26. It should be understood that the 
cross-sections of first cutters 24 and second cutters 26 
may have various shapes and configurations. For example, 
first cutters 24 and second cutters 26 may have a round, 
hexagonal or any other shape as a cross -sect ion. 
Furthermore, such cross-sectional shape and configuration 
may differ at different locations on first cutters 24 and 
second cutters 26. Each first cutter 24 is pivotally 
coupled to a respective second cutter 26. In this 
embodiment, each first cutter 24 is pivotally coupled to 
a second cutter 26 via a pin 28; however, other suitable 
methods may be used to provide pivotal or rotational 
movement of cutters 24 and 2 6 relative to one another. 

The locations on each first cutter 24 and second 
cutter 26 where cutters 24 and 26 are coupled may be at a 
point that is not at the ends of first cutter 14 and/or 
second cutter 26. Coupling first and second cutters 24 
and 26 at a location other than their ends can shield and 
protect "pins 28 during rotation of underreamer 10 since 
pins 28 would not be in contact with exposed surfaces of 
well bore 11 during rotation. For example, tips 35 may 
extend approximately six to twelve inches, or any other 
distance, past pins 28 where first and second cutters 24 
and 26 are coupled. Coupling first and second cutters 24 
and 26 at such locations also allows for tips 35 of 
cutters 24 and 26 to absorb much of the wear and tear 
from contact with well bore 11. In particular 

embodiments, tips 35 may be replaced as they get worn 
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down during rotation of underreamer 10 and may be dressed 
with a variety of different cutting materials, including, 
but not limited to, polycrystalline diamonds, tungsten 
carbide inserts, crushed tungsten carbide, hard facing 
5 with tube barium, or other suitable cutting structures 
and materials, to accommodate a particular subsurface 
formation. 

Second cutters 26 are each pivotal ly coupled to each 
other and actuation rod 16. In this embodiment, each of 

10 second cutters 26 is pivotally coupled to the other 
second cutters and actuation rod 16 via a pin 30; 
however, other suitable methods may be used to provide 
pivotal or rotational movement of second cutters 26. 

In the illustrated embodiment, housing 12 also 

15 includes outwardly facing recesses 25, which are each 
adapted to receive a cutter set 14. Housing 12 may have 
a bevel 27 at each recess 25 in order to restrict and 
prevent too much rotational movement of first cutters 24 
when actuation rod 16 moves in response to the axial 

20 force. 

In- the embodiment illustrated in FIGURE 1, each of 
first cutters 24 and second cutters 2 6 comprises an 
outwardly disposed cutting surface 32 and an end cutting 
surface 36. Cutting surfaces 32 and 36 may be dressed 

25 with a variety of different cutting materials, including, 
but not limited to, polycrystalline diamonds , tungsten 
carbide inserts, crushed tungsten carbide, hard facing 
with tube barium, or other suitable cutting structures 
and materials, to accommodate a particular subsurface 

30 formation. Additionally, various cutting surfaces 32 and 
36 configurations may be machined or formed on first 
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cutters 24 or second cutters 26 to enhance the cutting 
characteristics of cutters 24 or 26. 

FIGURE 2 is a diagram illustrating underreamer 10 
illustrated in FIGURE 1 having cutter sets 14 disposed in 
an extended position relative to housing 12. In FIGURE 
2, actuation rod 16 is illustrated in an upwardly 
disposed position relative to housing 12. 

In response to movement of actuation rod 16 relative 
to housing 12, first cutters 24 rotate about pins 15 and 
second cutters 26 rotate about pins 30 extending cutter 
sets 14 radially outward relative to housing 12. Housing 
12 is rotated within well bore 11 as cutter sets 14 
extend radially outward relative to housing 12. Rotation 
of housing 12 may be achieved via a drill string attached 
to housing 12; however, other suitable methods of 
rotating housing 12 may be utilized. The drill string 
may also aid in stabilizing housing 12 in well bore 11. 
Through the rotation of housing 12 and extension of the 
cutter sets via the movement of actuation rod 16 relative 
to housing 12, underreamer 10 forms an enlarged cavity 37 
as cutting surfaces 32 and 36 come into contact with the 
surfaces of well bore 11. Actuation rod 16 may be moved 
in the direction of arrow 9 as well as in the opposite 
direction using the fishing tool or other mechanism 
during rotation of housing 12 to further define cavity 37 
being formed, and underreamer 10 may be moved in such 
directions to further define and shape cavity 37 within 
well bore 11. It should be understood that a 
subterranean cavity having a shape other than the shape 
of cavity 37 Ynay be formed with underreamer 10. 
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FIGURE 3 is a diagram illustrating a pantograph 
under reamer in accordance with another embodiment of the 
present invention. In FIGURE 3, underreamer 10 has three 
cutter sets 14. FIGURE 3 also illustrates a connector 22 
5 coupled to actuation rod 16. In this embodiment, second 
cutters 26 are coupled to connector 22 via pins 38; 
however, other suitable methods may be used to provide 
pivotal or rotational movement of second cutters 26. 

Although the present invention has been described in 
10 detail, various changes and modifications may be 
suggested to one skilled in the art. It is intended that 
the present invention encompasses such changes and 
modifications as falling within the scope of the appended 
claims . 
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WHAT IS CLAIMED IS; 

1. An underreamer for forming a cavity within a 
well bore, comprising: 

a housing adapted to be rotatably disposed within 

the well bore; 

an actuation rod slidably positioned in the housing; 

and 

a plurality of cutter sets each having a first end 
pivotal ly coupled to 'the housing and a second end 
pivotally coupled to the actuation rod, the second ends 
of the cutter sets pivotally coupled together, wherein an 
axial force applied to the actuation rod is operable to 
slide the actuation rod relative to the housing and 
extend the cutter sets radially outward relative to, the 
housing from a retracted position to form the cavity when 
the housing is rotated relative to the well bore. 

2. The underreamer of Claim 1, wherein the 
actuation rod extends through an internal passage of the 
housing. 

3. " The underreamer of Claim 1, further comprising 
a fishing neck coupled to the actuation rod, the fishing 
neck adapted to engage a fishing tool disposed within the 
well bore, the fishing tool operable to apply the axial 
force to the actuation rod. 

4. The underreamer of Claim 3, wherein the housing 
comprises an inwardly facing recess adapted to receive 
the fishing neck when the cutter sets are in the 
retracted position. 
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5. The underreamer of Claim 1,* wherein the 
actuation rod comprises a first end and a second end, the 
first end disposed proximate to the housing when the 
cutter sets are in the retracted position, the second 

5 ends of each of the cutter sets coupled to the second end 
of the actuation rod. 

6. The underreamer of Claim 1, wherein the housing 
comprises a plurality of outwardly facing recesses each 

10 adapted to receive one of the cutter sets when the cutter 
sets are in the retracted position. 

7. The underreamer of Claim 1, wherein each cutter 
set comprises : 

15 a first cutter having a first end and a second end, 

the first end of the first cutter coupled to the housing; 
a second cutter having a first end and a second end, 

the first end of the second cutter coupled to the 

actuation rod; and 
20 the second end of the first cutter being pivotally 

coupled -to the second end of the second cutter. 

8. The underreamer of Claim 7, wherein the second 
ends of the first and second cutters extend radially 

25 outward relative to the housing when the axial force is 
applied to the actuation rod. 
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9. The underreamer of Claim 7, wherein at least 
one of the first and second cutters comprises a 
replaceable tip at its second end, the replaceable tip 
extending past the point at which the first and second 
cutters are coupled. 
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10. A method for forming a cavity within a well 
bore, comprising: 

positioning an underreamer within the well bore, the 
underreamer having a housing and an actuation . rod, the 
actuation rod slidably positioned in the housing, the 
underreamer further having a plurality of cutter sets, 
each cutter set having a first end coupled to the housing 
and a second end coupled to the actuation rod; 

applying an axial force to the actuation rod; 

extending the cutter sets radially outward from a 
retracted position relative to the housing in response to 
movement of the actuation rod relative to the housing 
from the applied force; and 

rotating the underreamer within the well bore to 
form the cavity. 

11. The method of Claim 10, wherein applying the 
axial force further comprises sliding the actuation rod 
through an internal passage of the housing. 

12* The method of Claim 10, further comprising 
extending a fishing tool into the well bore to engage a 
fishing neck coupled to the actuation rod, and wherein 
applying the axial force comprises applying the axial 
force to the fishing neck via the fishing tool, 

13. The method of Claim 10, wherein extending the 
cutter sets comprises extending a medial portion of each 
of the cutter sets radially outward relative to the 
housing. 
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14. The method of Claim 13, wherein: 

each of the cutter sets comprises a first cutter and 
a second cutter, each of the first and second cutters 
having a first end and a second end, the first end of the 
first cutter corresponding to the first end of the cutter 
set, the first end of the second cutter corresponding to 
the second end of the cutter set ; 

wherein the second end of the first cutter is 
pivotally coupled to the second cutter proximate the 
second end of the second cutter; and 

wherein extending the medial portion comprises 
extending the second ends of the first and second cutters 
radially outward. 

15. The method of Claim 14, wherein at least one of 
the first and second cutters comprises a replaceable tip 
at its second end, the replaceable tip extending past a 
point at which the first and second cutters are coupled. 

16. The method of Claim 10, wherein positioning the 
underreamer comprises positioning the underreamer having 
the plurality of cutter sets each disposed within an 
outwardly disposed recess of the housing when the cutter 
sets are in the retracted position. 

17. The method of Claim 10, wherein positioning the 
underreamer comprises positioning the underreamer having 
the plurality of cutter sets, the second ends of the 
cutter sets pivotally coupled together and disposed 
substantially along a central axis of the underreamer. 
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18. The method of Claim 17, wherein providing the 
underreamer comprises providing the underreamer having 
the actuation rod, the actuation rod extending 
substantially along the central axis. 
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19. An underreamer for forming a cavity within a 
well bore, comprising: 

a housing; 

an actuation rod slidably positioned in the housing; 
5 at least one first cutter, each first cutter having 

a first end and a second end, each first end pivotally 
coupled to the housing; and 

at least one second cutter, each second cutter 
pivotally coupled to a respective first cutter, each 
10 second cutter having a first end and a second end, the 
first end of each second cutter pivotally coupled to the 
actuation rod, wherein movement of the actuation rod 
relative to the housing extends the second ends of the 
first and second cutters radially outward relative to the 
15 housing from a retracted position. 

20. The underreamer of Claim 19, wherein the first 
and second cutters are each disposed within an outwardly 
disposed recess of the housing when the first and second 

20 cutters are in a retracted position. 

21' The underreamer of Claim 19, wherein at least 
one of the first and second cutters comprises a 
replaceable tip at its second end, the replaceable tip 
25 extending past a point at which the first and second 
cutters are coupled. 

22. The underreamer of Claim 19, wherein each 
second cutter is pivotally coupled to a respective first 
30 cutter at the second end of the first cutter. 
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23. The underreamer of Claim 19, wherein .the 
underreamer comprises a central axis, and wherein the 
first ends of the first and second cutters are disposed 
substantially along the central axis. 

24. The underreamer of Claim 23, wherein the 
actuation rod extends from the housing to the first ends 
of the second cutters . substantially along the central 
axis . 

25. The underreamer of Claim 19, wherein the 
actuation rod extends through an internal passage of the 
housing. 

26. The underreamer of Claim 19, further comprising 
a fishing neck coupled to the actuation rod, wherein the 
actuation rod is operable to receive an axial force via 
the fishing neck to provide the movement of the actuation 
rod relative to the housing. 

27^ The underreamer of Claim 19, wherein the second 
ends of the first and second cutters are operable to 
extend radially outward to a distance of between three to 
four feet relative to a central axis of the underreamer. 

28. The underreamer of Claim 19, further comprising 
a fishing neck coupled to the actuation rod and adapted 
to engage a fishing tool disposed within the well bore, 
the fishing neck disposed within an internal cavity of 
the housing when the first and second cutters are in the 
retracted position. 
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PANTOGRAPH UNDERREAMER 



ABSTRACT OF THE DISCLOSURE 

An underreamer for forming a cavity within a well 
bore is provided. The underreamer may include a housing 
rotatably disposed within the well bore. The underreamer 
may also include an actuation rod slidably positioned in 
the housing. The underreamer may further include a 
plurality of cutter sets where each cutter set is 
pivotally coupled to the housing and the actuation rod. 
The cutter sets are also pivotally coupled together. An 
axial force applied to the actuation rod operates to 
slide the actuation rod relative to the housing and 
extend the cutter sets from a retracted position radially 
outward relative to the housing to form the cavity when 
the housing is rotated. 
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